Abstract. The aim of the present study was to identify the common molecular mechanisms of multiple glioma subtypes, including astrocytoma, glioblastoma and oligodendroglioma, in addition to the specific mechanisms of different types. The gene expression profile set GSE4290 was downloaded from the Gene Expression Omnibus database. Differentially expressed genes (DEGs) from three types of glioma, relative to non-tumor tissue, were calculated by the t-test method with a linear regression model. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of the DEGs was performed. GeneVenn online analysis software was used for the comparison of the DEGs between subtypes. A total of 795 DEGs, including 619 up and 176 downregulated DEGs were screened from the astrocytoma expression profiles; these were enriched in the KEGG pathways of 'neuroactive ligand-receptor interaction' (upregulated) and 'Wnt signaling pathway' (downregulated). Protein-protein interaction networks for astrocytoma, glioblastoma and oligodendroglioma were constructed with 1,617, 7,027 and 1,172 pairs, respectively. A total of 595 common DEGs were obtained between the three subtypes, which were enriched in pathways associated with neural signaling. Glioblastoma is a subtype of astrocytoma; there were 195 DEGs common between these subtypes that were not also associated with oligodendroglioma. DEGs unique to astrocytoma, glioblastoma and oligodendroglioma were associated with the development of the nervous system, the cell cycle and cell matrix components, respectively. The screened DEG p53 gene is likely to be critical for glioma development, including via the Wnt and p53 signaling pathways. Brain-derived neurotrophic factor and cyclin-dependent kinase 1 genes were also likely to be important in the mechanism of glioma development, and were associated with the cell cycle and p53 signaling pathways. Immune system-associated and cell matrix component pathways may be unique signaling pathways associated with astrocytoma and oligodendroglioma, respectively.
Introduction
Glioma is a type of tumor originating in the brain or spine (1) . On the basis of histological features, gliomas may be divided into subtypes, including ependymoma, astrocytoma, oligodendroglioma and brainstem glioma (2) . Gliomas of the brain typically induce headaches, cranial nerve disorders and seizures, whereas spinal cord gliomas induce pain and numbness in the extremities (3) . Depending on the location and cell type of the disease, surgery, radiation therapy and chemotherapy may be combined in glioma treatment (4) . However, gliomas are associated with a poor prognosis (5) .
The underlying molecular mechanism for glioma tumorigenesis has yet to be established, as it is associated with a number of contributing oncogenes. Therefore, characterizing the molecular mechanisms of the disease is a popular area for research. Previous studies have demonstrated that polymorphisms of DNA repair genes, including excision repair cross-complementing group 1 and 2, and X-ray repair cross-complementing 1, may be associated with an increased risk of glioma development (6) . Excessive DNA damage may induce the progression of cancer by causing further mutations that upregulate glioma proliferation (7) . In addition, it was previously identified that microRNA-181d regulated the expression of O-6-methylguanine-DNA methyltransferase, potentially inducing glioma progression (8) . Although a number of genes and microRNAs associated with glioma have been identified, it is not sufficient to establish a complete strategy for glioma treatment.
Sun et al (9) produced mRNA microarray expression profile data with tumor samples collected from glioma patients (GSE4290), which demonstrated that stem cell factor may be associated with tumor-mediated angiogenesis and the development of glioma. Using bioinformatics analysis of the Sun et al (9) study, Wei et al (10) identified additional differentially expressed genes (DEGs) and the associated transcription factors. The molecular mechanisms of different glioma subtypes were associated with distinct regulatory signaling pathways (10) .
Bioinformatical analysis of gene expression signatures of different glioma subtypes
In order to research the common molecular mechanisms of gliomas, in addition to the specific mechanisms of different subtypes, the aforementioned GSE4290 gene expression profile was downloaded and analyzed in the present study. A DEG comparison between different subtypes was performed. This may lay the theoretical foundation for novel strategies of glioma treatment.
Materials and methods
Data acquisition. The gene expression profile collection GSE4290 (9) , which included the expression profile data from 180 samples, was downloaded from the Gene Expression Omnibus (GEO) database (https://www.ncbi. nlm.nih.gov/geo/). The data had been generated using the GPL570 (HG-U133_Plus_2) Affymetrix Human Genome U133 Plus 2.0 microarray platform. The data of 23 samples from the glial cells of epilepsy patients from GSE4290 were used as non-tumor control profiles. The remaining 157 tumor expression profiles included 26 astrocytoma profiles, 50 oligodendroglioma profiles and 81 glioblastoma profiles. The raw data were obtained for the subsequent analysis.
Data preprocessing and DEG screening. The reduced major axis method (11) was used to normalize the raw data with the Affy package (12) in R. Compared with non-tumor expression profiles, the DEGs from each glioma subtype were identified by the T-test method with a linear regression model from the R package limma (13) . The threshold for DEGs was |logFC| >1.0 and P<0.05.
Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of DEGs.
The GO database comprises data concerning gene annotations, which primarily includes 3 categories: Molecular function (MF); biological process (BP); and cellular component (CC) (14) . KEGG (www.kegg.jp) is a database for the systematic analysis of gene functions. The online tool Database for Annotation, Visualization and Integrated Discovery (DAVID) (15) was used for a KEGG pathway enrichment analysis of the identified DEGs. P<0.05 was considered to indicate a significant enrichment.
Protein-protein interaction (PPI) network construction.
STRING is a database of experimentally confirmed and predicted PPIs (16) . A PPI network was constructed based on STRING and visualized with Cytoscape 2.8.2 (17) with the threshold of combined score >0.4. The degree of connectivity was used to identify hub nodes and remove nodes of low significance.
Module analysis and KEGG enrichment analysis. Modules, i.e., groups of genes with similar functional properties, of the constructed PPI network were identified with ClusterONE (18) in Cytoscape with a threshold of P<0.05. The DEG modules were subsequently used for KEGG pathway enrichment analysis as previously described.
DEG comparison of different subtypes.
GeneVenn is an online application for comparing gene lists using Venn diagrams (19) .
GeneVenn software was used for comparing DEGs between the glioma subtypes.
Results

DEG screening and pathway enrichment analysis
Astrocytoma. Compared with non-tumor expression profiles, a total of 863 DEGs, including 624 upregulated and 239 downregulated DEGs, were screened from the astrocytoma expression profile data. The upregulated DEGs were enriched in KEGG pathways including 'neuroactive ligand-receptor interaction', 'calcium signaling pathway', 'MAPK signaling pathway' and 'gap junction', whereas downregulated DEGs were enriched in pathways including 'cell adhesion molecules', 'complement and coagulation cascades' and 'intestinal immune network for IgA production' (Table I) .
Glioblastoma. There were 1,520 DEGs, including 969 upregulated and 551 downregulated DEGs, between non-tumor and glioblastoma expression profiles. Upregulated DEGs were enriched in KEGG pathways including 'calcium signaling pathway', 'long-term potentiation', 'neuroactive ligand-receptor interaction', 'MAPK signaling pathway' and 'axon guidance', whereas downregulated DEGs were associated with the pathways of 'cell cycle', 'ECM-receptor interaction', 'complement and coagulation cascades', 'focal adhesion' and 'p53 signaling pathway' (Table II) .
Oligodendroglioma. Compared with the non-tumor expression profiles, a total of 795 DEGs, including 619 upregulated and 176 downregulated DEGs, were screened from the astrocytoma expression profile data. The upregulated DEGs were enriched in 'neuroactive ligand-receptor interaction', 'calcium signaling pathway', 'axon guidance' and 'gap junction', whereas downregulated DEGs were enriched in 'TGF-β signaling pathway', 'p53 signaling pathway' and 'Wnt signaling pathway' (Table III) .
PPI network construction and module analysis
Astrocytoma. With the threshold of combined score >0.4, a PPI network for astrocytoma was constructed with 1,617 pairs. Once nodes with a degree <2 were removed, a PPI network for astrocytoma with 506 nodes and 1,590 edges was obtained.
In this network, the hub nodes with a degree score >25 were SPY, tumor protein p53 (TP53), brain-derived neurotrophic factor (BDNF), NPY, SST, TAC1 and SYT1. Module analysis was subsequently performed for this PPI network.
Modules A-C were screened, with P=2.065x10 -8 , P=3.418x10
and P=7.808x10 -4 , respectively. Module A included 24 nodes and 126 edges; module B included 21 nodes and 120 edges; module C included 10 nodes and 31 edges (Fig. 1A) . On the basis of the analysis of modules A-C, 8 genes in these modules were enriched in the 'neuroactive ligand-receptor interaction' pathway.
Glioblastoma.
A total of 7,027 pairs were identified in the PPI network for glioblastoma. Once nodes with a degree <2 were removed, a PPI network with 1,064 nodes and 7,003 edges was obtained. Hub nodes with a degree score >90 were cyclin-dependent kinase 1 (CDK1), PCNA, TP53, KNTC1 and CCNB1. A total of 4 modules were screened with P<0.05; modules D-G were screened with P<0.001. Module D included 27 nodes and 178 edges, module E included 27 nodes and 176 edges, module F included 12 nodes and 33 edges (Fig. 1B) , and module G included 7 nodes and 11 edges. Genes in modules D-F were enriched in the 'protein processing in endoplasmic reticulum' pathway (P=1.13x10 -16 (Fig. 1C ). The genes in module H were associated with the pathways of 'neuroactive ligand-receptor interaction' (P=3.20x10 -14 ) and 'calcium signaling pathway' (P=7.75x10 -10 ). Table IV , a total of 595 common DEGs were obtained across all three subtypes of glioma (Fig. 2) . The pathways enriched with these 
DEGs comparison of different subtype. As included in
MCM7, RFC4, PCNA, MCM2, MCM3, RNASEH2A, MCM5
hsa05332:Graft-versus-host disease 
CCND1, TP53, MYC, TCF7L1
hsa04310:Wnt signaling pathway 
CCND1, ARHGEF6, TP53, CDK4
DEG, differentially expressed gene.
genes were associated with neural signaling. Furthermore, glioblastoma is a subtype of astrocytoma; there were 195 common DEGs between the glioblastoma and astrocytoma datasets that were not also associated with oligodendroglioma, which were enriched for immune function-associated pathways. The unique DEGs from astrocytoma, glioblastoma and oligodendroglioma were generally associated with the development of the nervous system, the cell cycle and cell matrix components, respectively (Table IV) .
Discussion
In order to screen for potential therapeutic targets in different glioma subtypes, the GSE4290 profile was downloaded from the GEO for a bioinformatics analysis of the associated molecular mechanisms. In the present study, a total of 595 common DEGs were identified between the three glioma subtypes. The pathways enriched by these genes were associated with neural signaling. There were also a number of unique DEGs and pathways specifically associated with different subtypes. TP53 was screened as an overlapped DEG between the three glioma subtypes. Additionally, it was enriched in various pathways including the Wnt signaling pathway and the p53 signaling pathway. TP53 is a critical target in the regulation of malignant progenitor cell renewal, differentiation and tumorigenic potential (20) . In addition, cellular pathways involving TP53 are frequently dysregulated in glioma tumors (21) . Dickkopf-1 was previously demonstrated to be an inhibitor of the Wnt signaling pathway by inducing TP53 tumor suppression (22) . Dysregulation of the TP53 pathway was also necessary for human astrocytoma by regulating the G1-S transition (23) . Therefore, alterations to TP53 expression are critical in glioma via the Wnt and p53 signaling pathways.
Compared with non-tumor expression profiles, notable genes, including BDNF, were screened from the astrocytoma expression profiles, which were enriched in the KEGG pathways of 'cell adhesion molecules', 'complement and coagulation cascades' and 'Wnt signaling pathway'. BDNF, a member of the nerve growth factor family, is necessary for the survival of striatal neurons in the brain; in human glioma, the expression of BDNF was previously demonstrated to be upregulated and closely associated with pathological grading (24) . In addition, Xiong et al (25) identified that mature BDNF could promote the growth of glioma cells in vitro. The expression of BDNF was confirmed to be regulated by the Wnt signaling pathway (25) . Therefore, BDNF may be a therapeutic target in astrocytoma.
CDK1 was a hub node of the PPI network for glioblastoma expression profiles. Chen et al (26) identified that the overexpression of CDK1 may have promoted the oncogenesis and progression of glioma, whereas the downregulation of CDK1 inhibited proliferation. Combined with cyclin B1, CDK1 forms a complex that induces the G2-M transition in malignant glioma cells (27) . In the present study, CDK1 was associated with the KEGG pathways 'cell cycle' and 'p53 signaling pathway'. For the treatment of human glioblastoma cells, inducing G1 cell cycle arrest, as may be mediated by the p53 pathway, is an effective strategy for suppressing tumorigenicity (28) . CDK1 may thus be associated with the mechanisms of glioblastoma by affecting the cell cycle and the p53 signaling pathway.
In the present study, pathways enriched by DEGs common between the three types of glioma were associated with neural signaling. The unique genes of astrocytoma and oligodendroglioma were enriched in immune-and cell matrix component-associated pathways, respectively. The simultaneous activation of the Ras and Akt pathways has been demonstrated to induce glioblastoma development in mice (29) . Alterations to the immune system were previously observed to be the primary etiology of adult glioma, particularly in the brain (30) . In the process of tumor invasion, extracellular matrix proteins, including fibronectin, may also serve an important function in intracerebral invasion (31) .
In conclusion, the screened DEG TP53 is likely to be critical for glioma development, including via the Wnt and p53 signaling pathways. BDNF and CDK1 were also possibly important in the mechanism of glioma development, and were associated with the cell cycle and p53 signaling pathways. Immune system-associated and cell matrix component pathways may be unique signaling pathways associated with astrocytoma and oligodendroglioma, respectively. However, further experiments are required to confirm the results of the present study.
